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TRANSACTIONS 

O F T H E 

American Philosophical Society, ££?, 



N°. I. 

Experiments and Obfervations relating to the Analyjis of 
Atmofpherical air , by the Rev. Dr. J. Priestley. 

Read Feb. TT is an effential part of the antiphlogiftic 
5, 1796. X theory, that in all the cafes of what I have 
called the phlogiftication of air there is (imply an abforp- 
tion of the dephlogifticated air, or, as the advocates of 
that theory term it, the oxygen contained in it, leaving 
the phlogifticated part, which they call azote, as it 
originally exifted in the atmofphere. Alfo, according 
to the principles of this fyftem, azote is a fimple fub- 
ftance, at leaft not hitherto analyfed into any other: 
They therefore fuppofe that there is a determinate pro- 
portion between the quantities of oxygen and azote in 
every portion of atmofpherical air, and that all that has 
hitherto been done has been to feparate them from one 
another. This proportion they ftate to be twenty feven 
parts of oxygen and 73 of azote, in 100 of atmofphe- 
rical air. 
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2 ANALYSIS of 

But in every cafe of the diminution of atmofpherieal 
air in which this is the refult, there appears to me to be 
ibmething emitted from the fubftance, which the anti- 
phlogiftians fuppofe to act by fimple abforption, and 
therefore that it is more probable that there is fome fub- 
ftance, and the fame that has been called phlogifton, or the 
principle of inflammability (being common to all bodies 
capable of combuftion, and transferable from any one of 
them to any other) emitted, and that this phlogifton 
uniting with part of the dephlogifticated air forms with 
it part of the phlogifticated air which is found after the 
procefs ; and in fome cafes there is more of this, and in 
others lefs. Alfo, in fome cafes fixed air is the refult of 
the union of the fame conftituent principles. 

A mixture of iron filings and fulphur, which, with a 
little water, has been commonly made ufe of to diminifh 
and phlogiflicate air, and probably many other fubftances 
which produce the fame effect, if they be continued in 
the air after the diminution has advanced to its maximum, 
occafion an increafe of the quantity, by an addition of 
inflammable air. This mixture I find to have the fame 
effect when it is long confined in nitrous air, or in fixed 
air ; and therefore it is probable that the fame would be 
the cafe if it were confined in any other kind of air, or 
in vacuo. It therefore, feems natural to infer that the 
fame principle which conftitutes inflammable air was from 
the firft exhaling from the mixture, but that it did not 
actually form inflammable air till there was no more 
dephlogifticated air for it to unite with, and thereby 
form phlogifticated air. The experiments from which 
this conclufion is drawn are recited in my former pub- 
lications, and I have lately repeated them with particular 
attention, and the fame refult. I have alfo lately obfer- 
ved that by heating bones made black by burning without 
accefs of air, in atmofpherieal air, there is, after the 
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ATMOSPHERICAL AIR. 3 

period of greateft diminution, an increafe of the quanti- 
ty, and that it is then found to contain a mixture of in- 
flammable air. 

That fomething is really emitted from the iron filings 
and fulphur, when it is in a ftate of diminifhing air is 
evident from the ftrong and otfcnCivefnie// which at that 
time this mixture has. Flowers alfo, and efpecially 
thofe which have the ftrongeft fmell, I have obferved 
to phlogifticate air. Moreover, the iron filings and 
fulphur when nearly dry, emit a vifible denfe vapour, 
which appears by its fmell to be vitriolic acid air, which 
I have obferved to have the power of diminifhing and 
phlogifticating air ; owing no doubt, in part to its im- 
bibing the dephlogifticated part of it, and with it form- 
ing common vitriolic acid ; but at the fame time part of 
its phlogifton may unite with another part of the dephlo- 
gifticated air, and with it form phlogifticated air. 

Iron filings and fulphur, as well as phofphorus, and 
mod of the other fubftances which have been gene- 
rally ufed for the purpofe of phlogifticating atmofpherical 
air, do likewife imbibe the dephlogifticated air contained 
in it, and thereby gain an addition of as much weight as 
the air has loft. But this is not the cafe with Hack bones 
heated in air, which by this means become white ; 
and as nothing in them is volatile, except that which 
conftitutes their blacknefs, I thought they would be a 
very convenient fubftance with which to make thefe ex- 
periments. 

Thefe bones gained no addition of weight in the pro- 
cefs, and when they are ufed, the diminution of the air 
is by no means fo great as in the other cafes, though the 
air that is left is completely phlogifticated. This is pro- 
bably in confequence of the fixed air (formed by the 
union of the dephlogifticated air with the phlogifton 
emitted from the bones) not being readily imbibed by 
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4 ANALYSIS of 

the water, or any other fubftance with which it is then 
in contact ; fo that a better opportunity is given to the 
phlogifton emitted from the bones to unite with that 
air in a different manner, and form phlogifticated air, 
which is therefore after the procefs found in a greater 
proportion than in the other cafes, to which alone a due 
attention has hitherto been given. When thefe bones 
are heated over lime water, there is a copious precipita- 
tion of the lime. Here I would obferve that the phlo- 
gifton neceflary to form this fixed air could only come 
from the bones in becoming white, as they had been cal- 
cined in as great a degree of heat as I could produce, fo 
that no kind of air could have been expelled from them 
while excluded fromaccefs of air. 

Having by means of a burning lens heated 140.5 
grains of well burned black bones in 23.75 ounce mea- 
fures of air, it was reduced to 20 ounce meafures, com- 
pletely phlogifticated, without any mixture of fixed or 
inflammable air in it. According to this experiment, 
the quantity of pure air in 1 00 ounce meafures of at- 
mofpherical air was only 15.78 parts inftead of 27. 

Heating 267 grains of thefe bones in 30 ounce mea- 
fures of air, it was reduced to 25.5 ounce meafures com- 
pletely phlogifticated, which was in the proportion of 
1 5 parts of dephlogifticated air in 1 00 of atmofpherical. 
Jn thefe experiments with bones there is fometimes a 
fmall lofs of weight, owing, I doubt not, to fomething 
befides phlogifton being expelled from them by the in- 
tenfe heat of the lens ; and during the procefs I could per- 
ceive a flight vapour rifing from them. When I ma- 
naged the heat fo that it was not more than neceflary to 
whiten the bones, they neither gained nor loft any 
weight ; at leaft the lofs was very inconfiderable. 

I had fimilar refults from experiments made with fmall 
polifhedy&W needles. For when they were heated fo as 
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ATMOSPHERICAL AIR, 5 

only to become blue, and were not melted, they gained 
very little, if any, weight, and diminifhed the air only in 
about the fame proportion with the black bones. 

Having by means of a burning lens heated 200 grains 
of the polifhed needles in 24 ounce meafures of air (in 
confequence of which they became of a dark colour) they 
neither gained nor loft any weight, and the air was re- 
duced to 19.5 ounce mealures, almoft completely phlo- 
gifticated. 1 heated the lame quantity of thefe needles in 
1 6.75 ounce meafures of air, when it was reduced to 
13.5 ounce meafures, completely phlogifticated without 
any mixture of fixed or inflammable air in it ; fo that the 
diminution was in the proportion of 19.4 parts in one 
hundred. In another experiment 24.75 ounce meafures 
of air were reduced to 20.25 ounce meafures nearly 
phlogifticated. It is evident, therefore, from thefe ex- 
periments, that more phlogifticated air is found after 
this procefs, than after that with the iron filings and 
fulphur. 

Becaufe by heating the needles over a quantity of water 
they might attract moifture, which cannot be expelled 
from them without fome difficulty, 1 heated 200 grains 
of the fame needles in the open air, till they had aflumed 
exadly the fame appearance with thofe that had diminifh- 
ed the air in the preceding experiments, and found that 
they had neither gained nor loft any fenfible weight. 
The fame was the refult of whitening a quantity of black 
bones in the open air. But to make this experiment with 
accuracy, the bones mould be calcined with the greateft 
degree of heat, and made white with the leaft. 

In one experiment with very thin pieces of malleable 
iron (viz. iron turnings) 38.5 ounce meafures of air 
were reduced to 31.5 meafures, wholly phlogifticated, 
which is in the proportion of the lofs of 19.5 parts in 
100. I could not perceive that the iron had gained or 
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6 ANALYSIS of 

loft any weight ; whereas, if it had imbibed the air that had 
difappeared, or the water, of which, as I have fhewn, the 
air principally confifts (as it would have done if it had 
been melted in the procefs) it ought to have gained 4.2 
grains. 

There was not, however, the fame certainty in the ex- 
periments with the needles, and ftill lefs with the iron, 
as in thofe with the bones. They generally gained a little 
weight, and diminifhed the air more than the bones. 
The reafon of this uncertainty might be that they were 
fometimes heated too much ; and fometimes fine fcales 
were thrown from them, which were indeed fometimes 
vifible when, in floating about within the veflel, they 
croffed the fun beams, and both in the experiments with 
the needles and thofc with the bones a vapour vifibly rofe 
from them. When the needles were heated over lime 
water, a thick craft was formed upon it ; but there was not 
fuch a precipitation of the lime as in the experiments with 
the bones. 

That the phlogiftication of nitrous acid is owing, in 
fome cafes, to its imbibing fomething, and not always to its 
parting with any thing, which the antiphlogiftians main- 
tain is evident from its becoming phlogifticated by im- 
bibing nitrous air. This I have obferved that it does 
with the greateft rapidity, leaving in fome cafes not more 
than one i8th part of the original quantity. M. Fourcroy 
fuppofes ( Philofopbie Chymique, p. 76) that the converfion 
of the common nitrous acid into the phlogifticated is 
always occafioned by its parting with oxygen. That 
this is fometimes the cafe I have demonstrated in my ex- 
periments with heating it in long glafs tubes ; but in the 
prefent cafe it is not poflible that the acid fhould have 
parted with any thing, and leaft of all with oxygen, fince 
the fmall refiduum of nitrous air is pure azote. I fhall 
here obferye, what I did not before, that the abforption 
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ATMOSPHERICAL AIR. 7 

of nitrous air by nitrous acid is attended with a consi- 
derable degree of heat. 

That phlogifticated air, or azote, is not a fimple fub- 
ftance, but confifts of phlogifton (or whatever is the 
proper element of inflammable air) and of dephlogif- 
ticated air, is probable from feveral experiments that 
feem to have been overlooked by the antiphlogiftians, 
fuch as the following. A mixture of dephlogifticated 
and inflammable air being kept a long time was found 
by M. Metherie to contain a confiderable portion of phlo- 
gifticated air, as appeared by the difference of the refi- 
duums after exploding a part of the mixture when firft 
made, and another part fome time afterwards. I had 
alfo found that a mixture of dephlogifticated and inflam- 
mable air fuffers a confiderable diminution in a courfe of 
time, though they will not wholly incorporate. But I 
have lately found that thefe two kinds of air unite com- 
pletely by being confined fome time together in a moift 
bladder. 

Having mixed equal quantities of thofe kinds of air, 
I put them into a bladder, which I left floating in a trough 
of water, and found, after about a fortnight, that the 
quantity was confiderably diminifhed j and examining it, 
1 found it to be almoft wholly phlogifticated, though 
there was fomething flightly inflammable in it. On this 
I put equal meafures (but omitted to note the quantity) of 
each of the kinds of air into another bladder, and after 
about three weeks, found it reduced to 12.5 ounce mea- 
fures, all pure phlogifticated air, without any mixture 
of fixed or inflammable air that I could perceive. 

I have likewife hit upon another method of forming 
phlogifticated air by the union of dephlogifticated and 
inflammable air, viz. by expofing the latter to a furface 
of rufted iron, which is known to become fo by imbibing 
pure air. Twenty ounce meafures of inflammable air 

were 



8 ANALYSIS of 

were confined in a phial containing pieces of rufted iron 
from the 1 8th of Auguft to the 6th of O&ober, when it 
was reduced to 9 ounce meafures, and was but {lightly 
inflammable. The iron, from being red, was then be- 
come of a very dark colour. Another quantity of inflam- 
mable air treated in the fame manner from, 1 believe, the 
6th of October, was in the 2d of December found to be 
completely phlogifticated. In thefe experiments the iron 
and the air were confined by water. Afterwards, put- 
ting 7 ounce meafures of inflammable air to pieces of 
rufted iron confined by mercury, it was, in about a 
week, almofl wholly abforbed. 1 then filled up the vefTei 
again with inflammable air, and when the diminution 
proceeded no farther, I examined it, and found 5 ounce 
meafures of air completely phlogifticated. 

Charcoal, as well as phlogifticated air, I have no 
doubt, contains the element of dephlogifticated air, as 
well as phlogifton, fince by its union with fleam it 
takes the form of fixed air, as well as that of inflamma- 
ble air, and one element in the compofition of fixed air 
is dephlogifticated air. And when I made hot charcoal 
imbibe inflammable air by introducing pieces of it into 
jars of this air confined by mercury, and afterwards ex- 
pelled it by plunging the charcoal in water, that which 
came out of it was phlogifticated air. Yet I think I re- 
coiled that the refult of this experiment has fometimes 
been inflammable air, the fame that the charcoal had im- 
bibed. 

1 know of no cafe of the fimple abforption of air, but 
which, like that by water, refpeds all kinds of air, 
though with a preference of that which is dephlogiftica- 
ted ; but not fo as to take this kind only, and leave all the 
phlogifticated air that was mixed with it. Otherwife it 
would have been in our power to afcertain with exaclnefs 
the real proportion of both the kinds of air in the atmo- 
4 fphere 



ATMOSPHERICAL AIR. 9 

fphere. For want of this the neareft approximation that 
we can make appears to me to be by the ui'e of nitrous air. 

Since when two meafures of pure nitrous air are mixed 
with one meafure of pure dephlogifticated air, they both, 
as nearly as ppflible, difappear, and form nitrous acid, 
which is imbibed by the water in which the mixture is 
made, it is evident that little or no phlogifticated air is 
neceffarily formed in this procefs ; and when it is con- 
ducted properly, there will appear to be a much greater 
proportion of dephlogifticated air in" the atmofphere than 
has been fuppofed, and enough to be converted into 
phlogifticated air in the procefs above mentioned. But 
a confiderable time is neceflary for this purpofe ; becaufe 
the diminution continues much longer than has been 
hitherto imagined. 

The difference between the degree of diminution of at- 
mofpherical air by a mixture of nitrous air, with, or 
without, agitation, is very confiderable. In general, 
without agitation, equal meafures of each will occupy 
the fpace of 1.25 meafures, but with agitation only 1.01 ; 
and if the computation be made from this laft datum, it 
will give the proportion of dephlogifticated air to be 27 
parts in 1 00, and confequently that of the phlogifticated 
air 73. But by keeping the mixture a longer time, the 
diminution will proceed to about 0.6 of a meafure which 
will give 46.6 for the proportion of dephlogifticated air, 
and 53.4 for that of the phlogifticated air in the at- 
mofphere. 

This diminution in the mixture of nitrous and atmo- 
fpherical air, which is effected in the courfe of time, is 
various, depending, no doubt, on feveral circumftances 
which 1 have not yet been able to afcertain. What I have 
actually obferved is as follows, 

On the 21ft of July 1 mixed equal quantities of nitrous 
and atmofpherical air; when, with agitation, they oc- 
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cupied the fpace of i.oi. Examining the mixture at 
different times, I obferved that the diminution kept ad- 
vancing till fome time before 24th of Auguft, when it oc- 
cupied the fpace of only 0.545. Another mixture made 
in the fame manner was 0.54, and another 0.65. At 
the fame time I found other mixtures made without 
agitation, which at firft occupied the fpace of 1.25, were 
in one cafe 0.75, another 0.72 and another 0.65. 

The reafon why I apprehend the ditninuton goes on fo 
long is, that time is requifite for (he adion of the 
phlogifton in the nitrous air upon the dephlogifticated 
part of the atmofpherical air, in order to the converfion 
of the whole of it into nitrous acid, in confequence of 
this part being intimately diffufed through the phlogif- 
ticated part, by which it is, as it were, protected from its 
action, which is fimilar to many other chemical procelTes. 
It is for the fame i-eafon that the diminution is much 
greater with agitation than without it, as the parts dif- 
pofed to unite are thei'eby brought into better contact. 

When atmofpherical air is exploded together with in- 
flammable air, the diminution never proceeds fo far as 
when nitrous air is mixed with it ; becaufe in this cafe 
phlogifticated air, as well as nitrous acid, is formed by 
their union ; and, as I have fhewn, the greater is the 
proportion of the inflammable air employed, the greater 
will be the proportion of phlogifticated air in the re- 
fiduum, This mixture, however, will go on diminifh- 
ing for fome time, though not fo far as that with the 
nitrous air; becaufe part of this produce being nitrous 
acid, as I have (hewn in a former courfe of experiments, 
it will require time to be formed, as well as when the 
nitrous air is employed. 

Having made a mixture of equal parts of inflammable 
and atmofpherical air, and exploded them on the 3d 
of Auguft, I obferved that it then occupied the fpace of 
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1.35 meafures, and on the 2d of September, when I per- 
ceived that the diminution would proceed no farther, it 
was 1. 14 which, though confiderable, was far fhort of 
the diminution produced by an equal bulk of nitrous 
air. 

Though, in the experiments recited above with the cal- 
cined bones, and the Jieel, neither of thefe fubftances ap- 
peared to have loft any weight that I was able to afcer- 
tain, it does not follow that nothing was emitted from 
them. For light and heat are almoft univerfally allowed to 
be fubftances , though no perfon has been ableto weigh them. 
Befides the quantity of the materials that I made ufe of 
might be too fmall for the purpofe. What is mod im- 
portant in the experiments is that, fince the diminution 
of the air was effected by heating thofe fubftances, and 
they did not gain any weight in the procefs, the phlo- 
giftication of air is not the abforption of any part of it by 
the fubftance which produces that effect, as the antiphlo- 
giftic theory fuppofes. 



N°. II. 

Farther Experiments relating to the Generation of Air 
from Water y by Rev. Dr. J. Priestley. 

ReadFeb.TNa late publication, containing an account of 
19. 1796- X fome experiments relating to the generation of 
air from water, I mentioned three different procefles in 
which air was produced from the fame water, without 
any perceivable limit. 

The firft procefs was converting the whole of a quan- 
tity of water into fleam, in the common method of boil- 
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